Studies were conducted to evaluate uterine motility and fertility of ova in ewes either given or not given supplemental selenium/vitamin E (SSE or NSE, respectively). The ewes were maintained on either an adequate plane of nutrition (APN) or an inadequate plane of nutrition (IPN). In a fertility study, 60 ewes were allotted to four treatment groups, (15 ewes per group): SSE-APN, NSE-APN, SSE-IPN and NSE-IPN. A 2-ml injection, containing 10 mg of Se as selenite and 136 IU of vitamin E as 0~-tocopheryl acetate, was given IM to designated ewes (SSE) at 21-day intervals. NSE ewes were given injections of corn oil. After 150 days of SSE supplementation, ewes were checked for estrus, bred to rams and laparotomized approximately 72 hr after the onset of estrus for determination of fertility of ova. The proportion of recovered ova that were fertilized was, for each treatment: SSE-APN (19 of 19), NSE-APN (17 of 22), SSE-IPN (five of 10) and NSE-IPN (six of 14). Fertility of ova was affected (P <.005) by plane of nutrition and tended to be affected (P<.I) by Se/vitamin E supplementation. Throughout the fertility study, ewes in the APN group maintained their body weight, while ewes in the IPN groups lost .075 kg/ewe/ day. In a uterine contraction study, ewes in the SSE-APN and NSE-APN groups were laparotomized at the onset of estrus for quantitation of the directional pattern of uterine contractions. The number of total contractions for SSE-APN 
Introduction
The beneficial effects of selenium (Se) in livestock have generated much interest in recent years, especially since Se-deficient areas have been identified in the United States (Kubota et al., 1967) . Studies have demonstrated the effectiveness of supplemental Se and Se plus vitamin E in increasing various aspects of reproductive efficiency in female ruminants (Hartley and Grant, 1961; Hartley, 1963; Buchanan-Smith et al., 1969; Mudd and Mackie, 1973; Scales, 1974; Julien etal., 1976; Segerson et al., 1977) . Buchanan-Smith et al. (1969) reported that injections containing both Se and vitamin E increased the conception rate in ewes and number of lambs weaned, while Mudd and Mackie (1973) demonstrated that this nutrient combination increased the number of lambs born per ewe. Infertility in flocks of Romney (Hartley, 1963) and Merino (Scales, 1974) ewes in New Zealand was significantly reduced by treatment with Se before mating, whereas infertility in beef cows in this same area of New Zealand was not affected by Se treatment prior to mating (Scales, 1976) . Hartley (1963) reported limited evidence suggesting that the improvement in the lambing rate in Se-treated ewes was due to a decrease in early embryonic mortality. Another possible explanation for the increase in the lambing rate is increased fertility 386 JOURNAL OF ANIMAL SCIENCE, Vol. 51, No. 2, 1981 of ova following mating. Although Hartley ( 1963) did not detect a difference in fertilization rate due to Se treatment, results obtained by Segerson et at. (1977) demonstrated that injections containing Se and vitamin E increased the fertilization rate of ova in beef cattle maintained on an adequate plane of nutrition.
Aside from Se and vitamin E supplementation, the feeding of recommended levels of protein and energy, in comparison to severe underfeeding, can enhance the fertilization rate of ova in beef cattle (Hill et al., ] 970; Segerson et al., 1977) and improve other aspects of ovarian function in ewes (Allen and Lamming, 1961) . Wiltbank et al. (1962 Wiltbank et al. ( , 1964 observed that pregnancy rate following first service in underfed beef cattle was below an acceptable level, suggesting that a lowered ova fertility rate may have been responsible for the low conception rate. Segerson et al. (1977) observed increased ova fertility in adequately fed beef cattle that received Se/vitamin E injections, and Se therapy has been shown to increase lambing percentages in ewes, as discussed earlier. Therefore, we decided to determine whether Se/ vitamin E treatment affects ova fertility in ewes. The effect of Se/vitamin E supplementation on the rate and direction of uterine contractions was also determined.
Experimental Procedure
The investigations were conducted between April 1978 and January 1979.
Fertility Study. Sixty mature Western ewes between 2 and 7 years of age (mean = 4.8 -+ .3 years) and weighing between 33.6 and 57.7 kg (mean = 44.5 -+ .9 kg) were randomly allotted within age and weight classes to four treatment groups (15 ewes per group): SSE-APN, supplemental Se/vitamin E with an adequate plane of nutrition; NSE-APN, no supplemental Se/vitamin E with an adequate plane of nutrition; SSE-1PN, supplemental Se/vitamin E with an inadequate plane of nutrition and NSE-IPN, no supplemental Se/vitamin E with an inadequate plane of nutrition. Ewes in the APN groups were each fed .77 kg of Coastal Bermuda grass hay and .09 kg of a concentrate diet daily, while ewes in the IPN groups were each fed .32 kg of Coastal Bermuda grass hay and .54 kg of wheat straw daily. All ewes had access to water and trace mineralized salt (excluding Se). Throughout the experiment, concentrations of Se in serum of ewes in the NSE-APN and NSE-IPN groups averaged .05 ppm. For these ewes, vitamin E was quantitated only in serum collected during laparotomy, but these values averaged 59 mg/100 milliliters. A purified diet deficient in Se and vitamin E was not used in the experiment because of high death losses that occurred in ewes receiving virtually no Se and vitamin E (Buchanan-Smith et al., 1969 For the duration of the study, ewes were fed and housed in total confinement and penned in groups of 10 per pen such that each ewe had 1.1 m 2 of pen area.
Ewes in the SSE group each received an initial 2-ml 1M injection of the Se/vitamin E preparation MuSe (Burns-Biotec Laboratories, Oakland, CA), which consisted of 10 mg of Se as sodium selenite and 136 IU (equivalent to 100 mg) of vitamin E as an alpha-tocopheryl acetate. Ewes in the NSE groupseach were given a 2-ml injection of corn oil. The injections were repeated at 21-day intervals for 240 days.
After 150 days of feeding and Se/vitamin E injections, ewes were checked for estrus twice daily with Finn and Barbados rams of proven fertility. Ewes were bred at the onset of estrus and 8 to 12 hr after the first breeding. Rams were alternated so that each ewe was bred by two different rams at each estrus. Generally, ewes were bred by a ram that had been rested from a previous breeding for at least an 8-hr period. On day 3 of the cycle, each ewe was laparotomized under Nembutal anesthesia for collection of ova as described by Rowson et al. (1969) . Sterile .85% physiological saline was used as the flushing medium to collect the ova. Recovered ova were evaluated for fertility with a stereomicroscope (• 30). Uniform cleavage and (or) the presence of sperm adhered to the zona pellucide were the criteria used for evaluating fertilization. After stereomicroscopy, ova were placed on a glass slide, and a coverslip was gently applied over the ova in an attempt not to rupture them. For the ova, spermatozoa were quantitated in the peripheral area of the zona pellucida by phase contrast microscopy (• 300). These ova were placed into one of two categories: 0 to 15 or > 15 spermatozoa adhered to the zona pellucida; these procedures and categories were similar to those used by Allison and Robinson (1970) . The fertility phase of the investigation continued for 50 days; therefore, there was more than one opportunity to collect ova from individual ewes.
Uterine Contraction Study. Twenty-nine ewes comprising the APN groups in the fertility study (SSE-APN, n = 15; NSE-APN, n = 14) were utilized in this phase of the investigation. Originally, ewes in the APN and IPN groups were to be utilized in this study, but because of anestrus in 75% (15 of 20) of the IPN ewes in December, only the APN ewes were available in adequate numbers for this phase of the investigation.
Diets and the Se/vitamin E injection protocol were maintained throughout this study as described for the fertility study.
Ewes were checked for estrus twice daily and utilized for a 30-day period. At the onset of estrus, ewes were laparotomized and the uterus exteriorized for the quantitation of directional uterine contractions as described by Hawk and Echternkamp (1973) . Uterine contractions were recorded for a lO-min period, and classified either as moving toward the oviduct or cervix or as moving in no apparent direction.
Blood Collection for Serum Selenium and
Vitamin E Assays. In the fertility and uterine contraction studies, blood (10-ml) was collected from the jugular vein of each ewe on the day of surgery. Serum was separated by centrifugation and frozen until assayed for Se and vitamin E. The Se assay was conducted according to the method of Whetter and Ullrey (1978) , and the vitamin E assay was conducted according to the method of Fabianek et al. (1968) with the following modification: One milliliter of serum and 1 ml of absolute ethanol were used in the extraction procedure instead of the conventional .2 ml of each substance. Se and vitamin E assays were validated separately by recovery of known quantities of Se and vitamin E that were added to 1.0-ml of serum from a sheep. Mean (-+ SE) percentage recovery of added (range of .02 to .3 ppm) Se and added (range of 1 to 4 mg) vitamin E from serum was 101.1 + 3.6 and 79.3 + 3.2%, respectively. Vitamin E concentrations in experimental samples were adjusted for 100% recovery.
Statistical Analyses. For the fertility study, data on the porportion of recovered ova that were fertilized and number of spermatozoa in the zona pellucida of fertile ova were analyzed among the four treatment groups by chi-square procedures in 4 x 2 and 2 x 2 contingency tables. Body weight data and serum concentrations of Se and vitamin E were analyzed by the Newman-Keuls test. For the uterine contraction study, number of directional contractions and serum levels of Se and vitamin E were analyzed between the two treatment groups by the Student's t distribution. The statistical analytical procedures used are as described by Snedecor and Cochran (1967) .
Results
Fertility Study. Before the ova collection period, one ewe in the NSE-APN group and five ewes in each IPN group (SSE and NSE) were removed from the study because of a debilitated condition that usually led to death. Postmortem examination revealed no consistent cause(s) of death; however, coccidia was identified in two ewes, and no further ewe losses occurred after treatment with a coccidiostat. Body weight data for ewes within individual treatment groups are presented in table 2. At 200 days after the onset of the study, ewes in the IPN groups weighed less (P<.05) than ewes in the APN groups. Ewes in the APN group maintained their initial body weight, while those in the IPN group suffered a daily weight loss of .075 kg/ewe. eDaily weight loss = initial weight (kilogran'ls)-2OO-day weight (kilograms)/200 days.
Estrus, ovulation, percentage ova recovery and fertility data are presented in table 3. One ewe failed to exhibit estrus in the SSE-APN group, while two of 10 ewes in each IPN group failed to exhibit estrus during the ova collection period. Laparotomy revealed that the reproductive tract of each anestrous ewe appeared morphologically normal even though ovaries were devoid of any significant structures. Percentage ova recovery ranged from 65.5 to 78.6% among the treatment groups, and the mean number of ova that were recovered and examined per ewe ranged from 1.4 to 2.0. Double ovulations were observed for two ewes in each treatment group; however, two ova were collected simultaneously from only one ewe in the SSE-APN group and both were fertilized.
The proportion of recovered ova that were fertilized for each treatment group was: SSE-APN, 19 of 19; NSE-APN group, 17 of 22; SSE-IPN, five of 10 and NSE-IPN, six of 14. bBefore the ova collection period, one ewe was removed from the APN group and five ewes were removed from each IPN group because of a debilitated condition.
Clncludes only ewes from which ova were recovered.
dResults of chi-square analysis are presented in table 4.
The total chi-square value for all treatments was 16.05 (P<.O05, 3 df). Further analysis of fertilization data (table 4) revealed that a higher proportion of fertile ova was collected from ewes in the SSE-APN group than from ewes in the NSE-APN (P<.05), SSE-IPN (P<.O05) and NSE-IPN (P<.O05) groups. Comparisons between APN and IPN groups showed that fertility was higher (P<.005) in the APN groups (36 of 41 ova) than in the IPN groups (11 of 24 ova). Fertility tended to be higher (P<.I) in SSE groups (24 of 29 ova) than in the NSE groups (23 of 36 ova), but the significance of this finding is questionable because scrutiny of the fertility differences between groups showed that Se/vitamin E treatment enhanced fertility only when ewes were maintained on an adequate plane of nutrition. These findings suggest a Se/vitamin E treatment x adequate plane of nutrition interaction.
Data on number of spermatozoa attached to the zona pellucida of fertile ova are presented in table 5. A greater proportion of ova collected from ewes in the SSE-APN group (eight of 12) contained more than 15 spermatozoa attached to the zona pellucida than did ova collected from ewes in the NSE-APN group (three of 11, P<.06), SSE-1PN group (none of four, P<.025) and NSE-IPN group (one of six, P<.05). No significant differences were observed between any other groups.
Uterine Contraction
Study.
Uterine contraction data are presented in figure 1. Comparison of contraction differences between SSE-APN (n = 16 laparotomies) and NSE-APN (n = 20 CRepresents the combined number of ova for both tested groups. laparotomies) ewes shows that ewes in the SSE-APN group exhibited more (P<.05) total contractions (42.7 + 3.5 vs 33.2 -+ 2.6, respectively) and more (P<.025)contractions moving toward the oviduct (21.0 +-2.8 vs 13.4 + 1.2, respectively) than did ewes in the NSE-APN group. There were no differences between treatment groups in number of contractions moving toward the cervix or in number of contractions exhibiting no apparent directional pattern. (table  6) . Mean serum Se concentration for ewes receiving the supplement was .161 ppm, while the concentration for ewes not receiving the supplement was .048 ppm.
Serum vitamin E concentration was greater (P<.001) in SSE-APN ewes (142.7 mg/100 ml) than in NSE-APN ewes (74.4 mg/100 ml) on the day of uterine contraction observation; it was also greater (P<.05) in SSE-APN ewes (133.5 mg/1OO ml) than in NSE-APN and NSE-IPN ewes (<63.8 mg/100 ml) on the day of ova collection.
Discussion
The fertility data obtained in this study revealed the importance of plane of nutrition and Se/vitamin E supplementation on fertilization of ova in ewes. Fertility of ova was greater (P<.O05) in adequately-fed ewes than in inadequately-fed ewes, and fertility tended to be greater (P<.I) in Se/vitamin E-treated ewes than in nontreated ewes. Actually, little is known about the effects of severe undernutrition on the reproductive performance of ruminants. Hafez (1952) found that when ewes were subjected to chronic underfeeding, estrus was suppressed; however, some of the underfed ewes near death were capable of ovulation and conception. In support of those observations, suppression of estrus was observed in 75% (15 of 20) of the IPN ewes before the uterine contraction study, approximately 210 days after initial allocation of the ewes to the experimental groups 9 Undernutrition and lack of exercise in the confinement management system used in this study may have been the primary factors leading to the debilitated body condition and subsequent removal of 10 of the ewes in the 1PN groups. Although no further ewe losses occurred after treatment with bRepresents the number of serum samples analyzed for Se and vitamin E. Two blood samples collected from NSE-APN ewes and five blood samples collected from NSE-IPN ewes during the ova collection period were inadvertently lost before SE and vitamin E assay.
C'dMean (-+ SEM) values in each column with different superscripts differ (P< 9 e'fMean (-+ SEM) values in this column with different superscripts differ (P<.05). a coccidiostat, postmortem examinations revealed the presence of coccidia in only two of the removed ewes, suggesting that coccidiosis was not the primary cause of their removal from the experiment. Allen and Lamming (1961) found a relationship between body condition and ovulation rate in undernourished ewes; however, they observed no significant reduction in fertility of ova in the ewes (n = 7). The ova recovery rate in those ewes was only 50% (Allen and Lamming, 1961) . In a study of beef cattle, Hill et al. (1970) and Segerson et al. (1977) observed low fertility rates in beef cattle maintained on low-energy, protein and mineral diets. Wiltbank et al. (1962 Wiltbank et al. ( , 1964 observed that the pregnancy rate following first service in underfed beef cows was lower than normal, suggesting that lack of fertilization may have been responsible for the low pregnancy rate.
Fertility data for Se/vitamin E-treated ewes receiving adequate nutrition in this study are similar to the fertility data reported previously for Se/vitamin E-treated beef cows (Segerson et al., 1977) . The fertility data from these two studies, in conjunction with additional supporting data presented in this study, support the hypothesis proposed by Segerson et al. (1977) that if Se/vitamin E supplementation is needed, one or both of the nutrients may influence uterine muscular function in a manner that increases uterine contractions. Ewes in the SSE-APN group had a greater (P<.05) proportion of fertile ova that contained more than 15 accessory spermatozoa than did ewes in the other three groups. This observation and further data obtained at estrus which showed that ewes in the SSE-APN group exhibited more (P<.05) total uterine contractions and more (P<.025) contractions migrating toward the oviduct than ewes in the NSE-APN group lend support to the Segerson et aL hypothesis. The finding that more uterine contractions migrated toward the oviduct at estrus than toward the cervix or in neither direction is in agreement with migration patterns previously reported (Brinsfield and Hawk, 1969; Hawk and Echternkamp, 1973) . Previous studies with dairy cattle (Trinder et M., 1969; Julien et al., 1976) have demonstrated the efficacy of Se and Se plus vitamin E in decreasing the incidence of retained placenta, suggesting a possible effect of one or both of these nutrients on uterine muscular function. Julien et aI. (1976) indicated that Se was the more important of the two nutrients in reducing the incidence of retained placenta. Brown and Burk (1973) demonstrated that the rat uterus incorporates a quantity of the isotope, 7SSe, equaling the isotope incorporation of quadricep and cardiac muscles, suggesting that Se is involved in rat uterine function. Much previous work with musculature has clearly shown that Se is needed in young ruminants to prevent lesions and degenerative muscular dystrophy of cardiac and skeletal muscles (Underwood, 1977) . Furthermore, characteristic abnormalities in the electrocardiograms of lambs afflicted with nutritional muscular dystrophy have been documented by Godwin (1968) . Membrane function may have been altered in the Underwood (1977) and Godwin (1968) studies, since Se and vitamin E seem to play a role in preserving membrane integrity (Diplock and Lucy, 1973; Noguchi et al., 1973; Diplock, 1974) . On the basis of work by Noguchi et al. (1973) on capillary membrane integrity in chicks suffering from exudative diathesis, it has been proposed that vitamin E functions as a specific lipid soluble antioxidant within the membrane and that Se functions as a component of cytosolic glutathione peroxidase that acts to destroy peroxides that can attack and oxidize the lipids in the cell membrane and thereby alter the integrity of the membrane.
Hardey (1963) failed to detect differences in fertility rate of ova from Se-and nonSe-treated ewes in New Zealand. Although fertility data reported in that study were limited, they contradict data reported herein. A possible explanation for the discrepancy could be that the treated ewes in this study received the supplement for a much longer period (> 150 days) before breeding than did treated ewes in the New Zealand study (30 days). Therefore, ewes in the present study were under the influence of Se for a much longer period prior to breeding. Furthermore, rams were allowed to run continuously with ewes during the breeding period in the New Zealand study. It is likely that these ewes could have been bred many times during estrus, whereas ewes in this study were mated only twice. Even if uterine contractile function is the limiting factor on the achievement of optimum fertility in Se-deficient geographical areas, this limitation could possibly be overcome by numerous matings, which would presumably result in a total deposition of large numbers of spermatozoa.
In this study, it is unclear as to which if not both of the nutrients (Se or vitamin E) in the adequately-fed ewes was responsible for the increase in fertility and uterine contraction function, because these ewes had higher serum levels of both Se and vitamin E than did NSE-APN ewes. Serum Se (.048 ppm) in the NSE-ewe groups would be considered borderline deficient in reference to serum levels and Se deficiency described in previous reports. Serum levels <.02 ppm for dairy calves and beef cows (Perry et al., 1976) and levels <.04 ppm for sheep , beef (Fontenot et al., 1977; Segerson et al., 1977; Johnson et al., 1979) and dairy cows provided evidence of incipient Se deficiency. Serum Se (.16 ppm) levels in SSE-ewe groups would be considered adequate in reference to similar and somewhat lower levels reported as adequate for growth and (or) reproduction in sheep , beef (Segerson et al., 1977) and dairy cows Julien et al., 1976) . Serum vitamin E (133 to 143 mg/lO0 ml) data for SSE-APN ewes were comparable to levels described as adequate for reproduction in ewes, while serum levels (<64 mg/lO0 ml) for NSE ewes in this study would be considered suboptimal (Buchanan-Smith et al., 1969) . It must be noted that this study was not intended to differentiate between the nutrient effects on fertility and the nutrient effects on uterine contractile function, but to investigate the usage of the combined supplement on reproductive function, since positive effects of both nutrients on various aspects of reproduction have been reported previously (Buchanan-Smith et al., 1969; Mudd and Mackie, 1973; Julien et al., 1976; Segerson et al., 1977) .
